A new method is introduced to determine the top and bottom depth of a vertical line using gravity anomalies. For this, gravity at a distance x from the origin and horizontal derivative at that point are utilized. A numerical value is obtained dividing the gravity at point x by horizontal derivative. Then a new equation is obtained dividing the theoretical gravity equation by the derivative equation. In that equation, assigning various values to the depth and length of vertical line, several new numerical values are obtained. Among these values, a curve is obtained for the one that is closest to the first value from attending the depth and length values. The intersection point of these curves obtained by repeating this procedure several times for different points x yield the real depth and length values of the line. The method is tested on two synthetics and field examples. Successful results are obtained in both applications.
INTRODUCTION
Interpretation of the potential-based data is usually faced with multisolution. For example, gravity anomalies of sphere and vertical line cannot be distinguished by naked eye. In most cases, lines are accepted to be lateral in evaluations (Odegard and Berg 1965 , Gay 1965 , Abdelrahman 1990 , Abdelrahman et al. 1989 . For the interpretation of the spherical sources, Mohan et al. (1986) used the Mellin transform, Shaw and Agarwall (1990) applied the Walsh transform, Abdelrahman and H.M. El-Araby (1993) utilized correlation factors, and Abdelrahman and T.M. El-Araby (1993) operated the least squares approach. Gupta (1983) used the least squares technique for interpretation of the vertical infinite line and also Kara and Kanli (2005) developed nomograms for the vertical finite line. To analyze the gravity anomalies due to simple geometrical structures, several methods have been developed (Essa 2007a (Essa , 2011 (Essa , 2012 (Essa , 2014 . In a study similar to the method presented in this work, Essa (2007b) calculated shape factor and source depths of a sphere, and horizontal and vertical infinite lines. However, in his study, measurement values should be very accurate, otherwise the method becomes unsuccessful.
In this study, a new method has been developed for determination of depth and length of vertical finite line. Here, along a profile, gravity and horizontal derivative values are utilized. In order to show the validity of the method, it is tested on two numerical examples and then top and bottom depths of the source body are determined assessing the Louga gravity anomaly (USA).
FORMULATION OF THE PROBLEM AND SOLUTION
The gravitational acceleration produced by a vertical line extending to a finite depth to the bottom at an observation point, P, displayed in Fig. 1 , is expressed with the following relation by Nettleton (1942) :
where A is the amplitude coefficient (A = Gȡ l , where G is gravity constant, ȡ l is the linear density of anomalous mass in the line), h is the depth of upper surface , L is the length of the body, and x is the distance from observation point to the origin. The horizontal derivative of Eq. 1 is:
but the horizontal first gradient values in the field study are obtained as: ( ) 2 ,
where dx is the grid-spacing. If Eqs. 1 and 2 are divided by each other and left and right sides of the resulting equation are termed F 1 and F 2 , respectively, the following equations are obtained:
where F 1 is obtained dividing the measurement value at any observation point (x 0) by horizontal derivative value at the same point. Then, F 2 is computed for a small h value (for example h = 1) and increasing L values (for example L = 1, 2, 3.....50). Meanwhile, in each calculation, the difference between F 1 and F 2 is determined. For the least value of this difference, h and L values are saved. Then h is slightly increased (for example h = 2) and the same procedure is repeated. The values of h and L (as h is the vertical axis and L is the horizontal axis) obtained from here are plotted in a coordinate system and a curve is obtained. The flow chart of the method is illustrated in Fig. 2 . This process is repeated several times for different observation points and the intersection point of curves drawn on the same co- ordinate system yield the depth and length of the vertical line. If these curves do not intercept, it means that h or L or both are not sufficiently extended and they are extended until the intersection point of these curves is provided.
SYNTHETIC EXAMPLES
For testing the validity of the proposed method, the application is carried out on two theoretical models. In the first application, the gravity anomaly of a vertical finite line with A = 100 mGal*m, h = 5 m and L = 30 m is used (Fig. 3a) . The horizontal derivative anomaly of this anomaly is shown in Fig. 3b . Fig. 3a . Gravity anomaly used in the first application. Then the method is applied using gravity and horizontal derivative values at observation points x = 3-6-9-12 m and curves community given in Fig. 3c is obtained. As shown therein, h = 5 m and L = 30 m are found. Fig. 3e . The curves obtained by adding 1 m to the reference level and applying the present method to the anomaly displayed in Fig. 3a . Fig. 3f . The curves obtained by subtracting 1 m from the reference level and applying the present method to the anomaly displayed in Fig. 3a .
These values are in excellent agreement with the initial parameters and this result indicates the validity of the present method. In addition, as mentioned previously, if h and L are chosen smaller than their real values, the curves have no tendency to cross each other. In this synthetic example, L = 30 m is taken. If Eq. 3b is calculated to L = 25 m and the curves are drawn, these curves do not cross each other (Fig. 3d) .
In order for the curves to intersect each other, the value of L should be slightly increased, as illustrated in Fig. 3c . Besides, if the reference level of anomaly is detected incorrectly, the curves mentioned above either do not cross each other or intersect at the point that is far away from where they must intersect. Namely, intercepting the curves each other in one point depends on selecting the reference level correctly. For explaining the importance of this fact, Fig. 3e is obtained by adding 1 m and Fig. 3f is obtained by subtracting 1 m from the reference level of the anomaly displayed in Fig. 3a . Hence, using this method in practice, it must be changed several times with small intervals to the reference level of the anomaly until the intersection point of the curves with minimal dispersion is identified. Even though the curves still do not cross each other, the intersection point is accepted at the mid-point of the closest area of the curves.
For the second synthetic example, Aƍ = 1000 mGal*m 2 and h = 8 m are chosen, using the following Eq. 4
from which the gravity anomaly of a sphere is obtained (here, Aƍ = 4/3ʌGR 3 ȡ). After horizontal derivative values of this sphere are calculated, using g and g x values of this sphere at distances of x = 3-6-9-12 m, the proposed method is applied and the curves given in Fig. 4 are obtained. As shown in Fig. 4 , the curves intersect at h = 8 m. In fact, the accepted h is at 8 m. However, careful inspection of Fig. 4 reveals that L = 0, indicating that the source body is a sphere.
FIELD EXAMPLE
For the field example, Louga gravity anomaly (USA) is used (Fig. 5a ). The solid line in Fig. 5a represents observation values sampled in 1 km intervals. Thereafter, horizontal derivative values of the curve are obtained (Fig. 5b) . The curves shown in Fig. 5c are obtained from application of the present method to gravity and horizontal derivative values at distance of x = 2, 4, 6, 8 km.
From the intersection point of curves, depth (h) and length (L) of the vertical finite line are found to be 5.75 and 16.3 km, respectively. Then in Eq. 1, x is taken as 0, and if h and L values calculated above and max gravity value in the anomaly is replaced in this equation, A is found as 602 mGal*Km. The values of A, h, and L computed above are replaced into Eq. 1 to find a new gravity anomaly (dotted line in Fig. 5a ). It is seen that the observed and calculated anomalies are very close to each other.
In addition, Mohan et al. (1986) found the depth of sphere to be 9.31 km, applying the Mellin transform and assuming that Louga gravity anomaly belongs to a sphere. If this anomaly belongs to a sphere, the curves similar to those in Fig. 4 would be obtained. Thus, this anomaly is determined to be a vertical finite line. Fig. 5a . North-south Louga gravity anomaly, USA (Nettleton 1976) . 
CONCLUSION
In this study, depth and length of a vertical finite line are determined by the interpretation of residual gravity anomaly of the source body. In this interpretation, the ratio of measurement values at any observation point to hori-zontal derivative values at the same point is obtained numerically and then, for various depths and lengths, the ratio of theoretical vertical finite line equation to theoretical horizontal derivative equality is computed. The calculated values are plotted length versus depth and a curve is obtained. This process is repeated for several observation points and several curves are plotted on the same coordinate axis. Intersection point of these curves reflects the real depth and length of vertical finite line.
In order for the method to be completed accurately, regional effects and the noises in the anomaly should be eliminated and the reference level should be determined accurately. Besides, if the anomaly has noises, since it is possible for a mistake to occur, particularly when calculating horizontal derivative values, the anomaly must be smoothed before applying the proposed method. Furthermore, if another body exists near the vertical line, the proposed method may become unsuccessful because the anomaly of this body affects the anomaly of the vertical line.
This method has been tested on two synthetic examples and applied to field anomaly and the results are compared with those of another author who previously assessed this anomaly.
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